the aerated lungs. Thirty-eight patients who underwent only fine-needle aspiration biopsies were also excluded. The records of the remaining 416 patients who underwent biopsies with a non-coaxial cutting needle (338 men and 78 women; age range, 18-89 years; average age, 59.3 years) were evaluated. The predictive variables of pneumothorax and chest tube placement after CT-CNB of our cohort were reported in a previous study [8] .
Technique
All procedures were performed percutaneously under CT (Somatom Emotion; Siemens Healthcare, Forchheim, Germany) guidance by junior residents with a mean experience of five-biopsies and senior residents with a mean experience of 25 biopsies under the supervision of a chest radiologist with 20 years' experience (a mean experience of 250 biopsies), who also performed some biopsies.
Details of the biopsy procedure were described in a previous report [8] . The patients were placed in the supine, prone, or lateral positions, and CT scans were obtained to target the lesion. Localization was performed using CT images with laser lighting and skin markers. The biopsy was routinely performed without any premedication or fasting. All patients received local anesthesia with subcutaneous injections of prilocaine hydrochlorate (Citanest 2%, AstraZeneca, Sweden).
After administration of the local anesthetic, the cutting needle was advanced directly in a stepwise fashion to obtain the specimen. Specimen acquisition was repeated until the radiologist considered the specimens to be sufficient, because of the absence of a pathologist on site. Cutting-needle biopsies were performed using an 18-gauge non-coaxial system (Meditech Inc., Watertown, MA 02172, USA).
Immediately after the procedure, a CT scan was obtained to determine the presence of pneumothorax. Patients were placed on a stretcher with the puncture site-down and were followed up for two hours. The patients were instructed to breathe calmly and abstain from talking, coughing, and forced breathing.
Chest radiographs were obtained at the end of the two-hour period. If pneumothorax was not present, the patient was sent home with instructions. If pneumothorax was detected on the control chest radiographs, the patient received oxygen via a facial mask for two hours if he/she was asymptomatic. Placement of a chest catheter or tube was considered if the patient became symptomatic or if the pneumothorax was progressive.
Data collection and study outcomes
A linear increased attenuation extending from the pleural surface to the pulmonary lesion on intraprocedural CT images was accepted as a sign of NTB (Figure 1) . Information regarding the patient, lesion, and procedure-related variables was collected to determine the risk factors for NTB, and the possible effect of NTB on pneumothorax development. The patient-related risk factors were age, gender, patient position (supine, prone, or lateral decubitus) during the procedure, and pulmonary emphysema around the lesion; the lesion-related risk factors were size, location within the lung (upper, middle, or lower lung regions), and contour characteristics on CT (smooth, blurred, or spiculated); and the procedure-related risk factors were the presence of atelectasis, pleural tags and fissures in the needle tract, length of the aerated lung parenchyma crossed by the needle, needle entry angle, number of pleural punctures, experience level of the operator, and duration of the procedure.
The distance from the pulmonary lesion to the pleura was estimated as the shortest distance on axial CT scans. Depth was considered to be 0 cm in lesions directly in contact with the pleura. The needle entry angle was the acute angle between the needle and the pleural surface. The lung was arbitrarily divided into three equal zones, i.e., upper, middle, and lower. The duration of the procedure was defined as the interval between the first CT image obtained to determine pleural passing and the first CT image obtained to check for the presence of pneumothorax. Emphysema around the lesion was scored as grade 1, 2, or 3 using the Goddard classification [9] , which is a visual scale in which the areas showing vascular disruption and low attenuation values are scored for slices including the lesion. Emphysema around the lesion was considered grade 1 for ≤25%, grade 2 for 25%-50%, and grade 3 for >50%.
Statistical analysis
All statistical comparisons related to the risk factors for pneumothorax and chest tube placement were performed using the software Statistical Package for the Social after the withdrawal of the needle, bleeding is seen along the needle trajectory as ground-glass attenuation.
Sciences (SPSS, version 23.0; SPSS, Chicago, IL). Receiver operating characteristic (ROC) analysis was performed using an analysis program (MedCalc for Windows, Ostend, Belgium). Descriptive statistics were presented as the mean ± standard deviation for continuous variables and counts with a percentage for categorical variables. Gender was compared using Pearson's chi-square test, and the Student t-test was used for assessing patient age. The ROC analysis was used to assess the optimal cutoff value for numerical variables such as age, lesion size, length of the aerated lung parenchyma crossed by the needle, needle entry angle, number of pleural punctures, and procedure duration (minimal false-negative and false-positive results) for the risk of NTB. The rates of pneumothorax and chest tube placement were evaluated with stepwise regression analysis. A total of 421 lesions were divided into four groups depending on the occurrence of pneumothorax and NTB. Cases with pneumothoraces were divided into two groups according to the need for chest tube placement. The variables were compared between the two groups using univariate analysis with a two-sided Student's t-test for numeric values and the chi-square test or Fisher's exact test for categorical values. Subsequently, the variables that were found to be significantly different on univariate analyses were subjected to multivariate logistic regression analysis to determine the independent risk factors for the NTB and the possible effect of NTB on the occurrence of pneumothorax and consequent of chest tube placement. An odds ratio (OR) of >1.00 indicated a higher risk for the occurrence of NTB or the effect of the NTB on pneumothorax and chest tube placement. A p value of <0.05 was considered to be statistically significant.
Results
The study included 421 needle biopsies performed in 416 patients (338 men and 78 women). Their ages ranged between 18 and 89 years (mean, 59.3 years). The biopsy was repeated three times in one patient and twice in three patients. Bleeding along the needle tract after CT-CNB was noted in 142 of the 421 procedures (33.7%).
On univariate analyses, the significant risk factors for NTB were identified as lesion size smaller than 3 cm (p < 0.001), greater lesion depth (p < 0.001), higher number of pleural passes (p = 0.008), and a needle entry angle < 75° (p = 0.007). Multivariate analysis showed that the significant independent risk factors were lesion size smaller than 3 cm (OR, 1.53; 95% CI, 1.31-1.94; p = 0.011) and greater lesion depth (OR, 1.90; 95% CI, 1.52-2.21; p = 0.002) (Tables 1-3) .
We observed only two cases (2/12) of NTB in the atelectatic needle trajectory. There was no significant difference in the bleeding rate when the needle passed through the fissure, atelectasis, or the pleural tag (p = 0.105) ( Table 2 ). Contour characteristics of lesion (p = 0.660), patient position (p = 0.380), gender (p = 0.648), age (p = 0.441), severity of pulmonary emphysema around the lesion (p = 0.218), and location of the lesion (p = 0.532) were not associated with an increased risk of NTB (Tables 1-3 ).
Pneumothorax occurred in 115 of the 421 (27.3%) biopsies. Chest tube placement was required in 28 of these 115 (24.3%) cases. NTB was seen in 142 of the 421 (33.7%) biopsies and pneumothorax developed in 32 out of these In cases with emphysema, pneumothorax occurred in 39 out of the 89 (44%) that did not show NTB versus 20 out of the 47 (42%) that showed NTB (p = 0.831) ( Table 4) . Discussion Intrapulmonary bleeding was described by McCartney et al. [10] as a 'bloom' occurring after percutaneous lung biopsy. The risk of NTB associated with CT-CNB has been reported to range from 4% to 27% [7] . However, it is believed that this complication is under-reported [11] . In fact, at least to some extent, every percutaneous thoracic biopsy is related to some degree of pulmonary hemorrhage, which manifests as a focally increased attenuation in the needle track or in the perilesional lung tissue [12] [13] [14] .
NTB was relatively common in our study (33%) in comparison with the incidence in previous studies (15%-26%). This form of bleeding was not a causative factor for any interruption of the biopsy procedure in our patients. Hemoptysis was extremely rare with the NTB, regardless of the amount of hemorrhage.
In this study, the procedure duration, localization of the lesion, needle entry angle, lesion contour, gender, presence of fissure or pleural tag in the needle path, and position of the patient did not influence the development of the NTB. A needle track longer than 3 cm within the lung parenchyma was significantly correlated with the occurrence of NTB. This correlation could partly be explained by the greater numbers of needles crossing the intrapulmonary small vessels in a longer intrapulmonary biopsy path as well as the larger diameter of the pulmonary vessels encountered as the needle comes closer to the hilar region.
Our data confirmed the results obtained by Yeow et al. [14] and Laurent et al. [15] , who also found that smaller lesion size could be related to an increased risk of NTB. They hypothesized that for the smaller lesions, biopsies were technically more difficult and were associated with a higher number of needle path corrections, which might lead to a higher number of complications. Moreover, the transfissural needle trajectory was strongly correlated with both NTB and pneumothorax in the previous studies. However, in our series, the association of a transfissural needle path with the risk of NTB did not achieve statistical significance, probably because of the small number of procedures performed through a transfissural needle path.
The number of pleural punctures, as risk factors for pneumothorax and NTB development, has been fiercely debated in the literature. Some previous works have not shown any association between the number of pleural punctures and the incidence of pneumothorax [15] [16] , 
while some authors have found that multiple punctures could be associated with increased chances of pneumothorax. Ohno et al. [17] revealed that the incidence of pneumothorax was 18% after the first pleural puncture but significantly increased to 53% and 73% in the second and third pleural passes, respectively. In the current study, no association was found between the number of pleural passes and the rate of pneumothorax and NTB. It is unclear if this is a true relationship or an incidental finding of this retrospective study. Probably, the explanation for this is that when a pneumothorax occurred on the first pleural puncture, the procedure was terminated.
In the current study, we included all routine procedures that were performed by an experienced chest radiologist as well as the biopsies performed by senior and junior residents. When we evaluated the bleeding rate and the operator experience level, NTB was noted in 33 of the 89 (37%) procedures performed by junior residents, 69 out of the 228 (30%) procedures performed by senior residents, and 40 of the 104 (38%) procedures performed by the chest radiologist. In univariate analysis, differences between the operators were not significant.
NTB may have a similar effect as the blood-patch technique used to prevent pneumothorax. The blood-patch method is a popular technique in which the biopsy track is sealed with an autologous blood clot to prevent or reduce post-biopsy pneumothorax. The results of this technique are promising, and it has been reported to show a success rate of 85% in some retrospective studies [18] [19] [20] . Fibrin glue was shown to be an effective sealing agent for percutaneous lung biopsies [21] . However, the available fibrin sealants are not widely used due to the longer preparation time for these sealant agents, concerns regarding the risk of the infection, and the cost of the treatment.
The previous studies were performed mostly using agglutination materials within the biopsy track by causing a local reaction in the lung tissue. Our study suggests that the preventive effect of NTB against the development of pneumothorax could be at least as effective as agglutination techniques. Moreover, the adverse local tissue reaction that could potentially be induced by synthetic agglutination materials may be avoided by utilizing NTB as a natural protective factor.
To our knowledge, this was the first study revealing a correlation between NTB and pneumothorax in CT-CNBs in patients without emphysema around the lesion. NTB had a preventive effect against pneumothorax development in the absence of emphysema. This result remained significant even after adjustment for the lesion size and the lesion depth by multiple regression analysis. We speculated that this correlation might be related to the reduced ventilation as a result of the presence of blood products in the alveolar space. The patch-like alteration in the respiration may reduce the airflow from the airspace to the pleural space.
Unexpectedly, our previous work [7] with a small number of patients has shown a decreased rate of pneumothorax in the presence of NTB in patients having emphysema with borderline statistical significance. Some substantial differences exist between the studies. The present study enrolled 416 patients, while that of the previous study involved 284 patients. The number of patients with NTB for the present study was 142 compared with 53 for our previous study. Most importantly, our previous work has not taken potentially confounding variables associated with a CT-CNB such as patient position, contour characteristics of the lesion, needle entry angle, and procedure duration into account, which is at the heart of our current analysis.
The major limitations of our study were related to the non-use of coaxial needles and the retrospective nature of the study. However, the study population was homogeneous and suitable for the appropriate statistical analyses with regard to the predictive variables. Another limitation of our study was the lack of a prospective validation step and the absence of long-term follow-up data for patients who developed pulmonary hemorrhage during CT-CNB. Test for predictive variables, like those performed in our study, could be associated with an inflated type I error. In our series, the severity of emphysema is evaluated by Goddard classification which is a visual scale that area of vascular disruption and low attenuation value were scored for each lung field. The emphysema score used by the radiologists in our study was a non-standardized index based on the individual judgement of the radiologist regarding the extent of emphysema in the lobe containing the lesion. Consequently, there might be both interobserver and intraobserver variations in scoring emphysema according to the Goddard classification. Further studies are needed to determine whether the presence of emphysema measured by quantitative standardized criteria in the lung region containing the lesion represents a factor for the development of pneumothorax.
In conclusion, NTB occurs more frequently in smaller and deeply seated lung lesions in CT-guided percutaneous lung biopsies. NTB may have a protective effect against pneumothorax, but not against chest tube placement, in the absence of emphysema around the lesion.
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